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2 . 8 . 3 Sapphire-Anvil Cell for Neutron Scattering at High Pressure
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Recent development in high-pressure tech-
nique, that of diamond-anvil cell (DAC) in par-
ticular, has enabled to reach static pressure as
high as 500 GPa. X-ray diffraction investiga-
tions of pressurized solids are now being carried
out up to about 200 GPa. This owes to a combi-
nation of the synchrotron source and imaging
plate, which permits to study a sample with a vol-
ume in the order of 10'3 mm3. Such a small vol-
ume will not basically allow neutron scattering
measurement where, normally, a volume larger
than 10 mm3 is needed. In fact, this requisite
volume can be achieved with a piston-cylinder
type apparatus as exemplified by our design [1].

Although the volume requirement can be an-
swered, the highest attainable pressure is limited
to a level of a few GPa as far as the piston-cylin-
der type apparatus is used. To reach higher pres-
sure, opposed anvil designs, DAC for instance,
should be employed. With DAC, however, the
volume of the sample to be studied is very small.
Enlarging the volume within DAC, in turn, costs
extraordinarily high.

An alternative way is to use sapphire as the
anvil material. The mechanical properties of
sapphire are inferior to those of diamond, but the
maginitude in the mechanical differences is
about an order. In addition, for the same sizes,
sapphire is less expensive than diamond by about
one order of magnitude.

Under the backgrounds described above, we
have designed a sapphire-anvil cell (SAC) for
neutron scattering. The cell simply consists of a
minipress and a pair of opposed sapphire anvils.
A sample with a volume of 2 mm3 can be studied.
The volume is believed to be adequate for neu-
tron scattering to be performed if supermirror is
installed at the neutron facility. The pressure at-
tainable with this specific SAC has not been as-
sessed. Instead, we have undertaken prototype
studies using small-sized anvils.

The prototype anvil measures 5 mm in diam-
eter and 3 mm in height. The volume of the
sample studied is about 102 mm3. In principle,
the pressure attainable with the opposed anvils is

governed by the mechanical strength of the mate-
rial employed for the anvil, the area of top face,
the angle for taper from the top face down to the
flank, the mechanical properies of the gasket,
and some other issues. Of these, the most impor-
tant is the taper angle. By fixing the top face at 1
mm in diameter, by aligning the compression
axis parallel to the crystallographic c-axis, and by
using enrolled Cu plate as the gasket, we have
studied five different designs with different taper
angles. The attainable pressures for each anvil
design was known by monitoring the pressure
from shift of fluorescence of ruby which was in-
corporated into the sample space.
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Fig. 1. Pressure generation with different tapers.

Figure 1 shows average of maximum pressure
obtained from total of at least five experiments
for each anvil design. It appears that the tapering
angle is optimized between 10 and 18°. This ex-
perimentally derived optimization turned out to
be in good agreement with our finite-element
analysis. The optimum angle can change relative
to the gasket as well as the sample materials.
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